ABSTRACT
Acute flank pain is a common presenting complaint in both the primary and secondary care settings. Despite the range of potential aetiologies for flank pain, there is convincing evidence that urinary tract stone disease is becoming an increasing and significant healthcare burden. 1 Much of the literature focuses on the management of proven ureteric calculi but an alternative diagnosis or indeed no diagnosis is possible in this group of patients.
Multidetector computed tomography (CT) of the kidneys, ureters and bladder (KUB) is now the gold standard investigation for stones in patients presenting with acute flank pain, with sensitivity of 90-97% and specificity of 86-100%. 2, 3 Modern imaging studies also suggest a low radiation dose of between 0.9mSv and 1.5mSv. 4 However, widespread use of CT in the US is predicted to be the cause of 1.5-2% of all future cancer diagnoses. 5 The long latency period between exposure to radiation and development of solid cancer puts younger patients at highest risk, with a further increase in susceptibility in female patients. 5, 6 Previous studies with smaller cohort numbers have reported alternative diagnoses in patients labelled as having 'ureteric colic' in 3-10% of cases. [7] [8] [9] [10] Attempts have also been made to risk stratify proven ureteric stones in order to aid management by predicting intervention or spontaneous passage. [11] [12] [13] [14] [15] To date, publications have focused very much on a urological diagnosis. The aim of the present study was to give clinicians and patients objective data to help them understand the implications at each stage of management, accounting for different demographics, and the need for intervention with acute ureteric stones.
Methods
A retrospective cohort study was undertaken of all consecutive patients receiving non-contrast CT KUB for investigation of acute flank pain at a large acute hospital (serving a local population of 675,000) between March 2013 and February 2015. Data were acquired from electronic CT requests, radiological reports and clinical records to determine the indication for CT. The primary outcome measure was diagnostic yield for an acute, non-acute and negative diagnosis in patients with CT performed for acute flank pain, stratified by age and sex. The secondary outcome measure was emergency intervention following an episode of acute ureteric colic. This was defined as an unplanned intervention that resulted from an acute admission and included ureteroscopy (URS), ureteric stent or nephrostomy insertion.
Patient demographics recorded were age, sex, indication for CT KUB, side of pain, serum inflammatory markers (white cell count [WCC] and C-reactive protein [CRP]), renal function (serum estimated glomerular filtration rate [eGFR]), need for admission and length of stay. CT findings on stone size (maximal axial diameter), stone location and any alternative cause for acute pain were detailed. Stone position was recorded as pelviureteric junction, ureteric (proximal, middle or distal) or vesicoureteric junction. If more than one stone was present, the most proximal and largest was included in the analysis. Furthermore, data were collected on the indication for and type of emergency intervention in patients with an ureteric stone as well on patients who were managed conservatively or treated electively.
For comparative analysis, some factors were subcategorised. These comprised age (<30 years, ≥30 years and <50 years, ≥50 years), stone size (<4mm, ≥4mm and <6mm, ≥6mm and <10mm, ≥10mm), WCC (≤10 Â 10 9 /l, >10 and ≤15 Â 10 9 /l, >15 Â 10 9 /l), CRP (≤50mg/l, >50mg/l and ≤100mg/l, >100mg/l) and eGFR (≤30ml/min, >30ml/min and ≤60ml/min, >60ml/min).
Statistical analysis
Differences were compared where appropriate using Student's t-test, the chi-squared test or the Mann-Whitney U test. All tests were two-sided and a p-value of <0.05 was considered statistically significant. All analyses were performed using SPSS ® version 22 (IBM, New York, US).
Univariate and multivariate logistic regression analysis was performed between the intervention and no intervention groups. This examined all patient and CT KUB characteristics to assess for factors that predicted emergency intervention.
Results
A total of 2,781 non-contrast CT KUB scans were performed during the study period, of which 1,442 (52%) were undertaken for acute flank pain. An acute cause for the pain was identified in 50% (717/1,442), there were incidental findings in 27% (389/1,442) and a normal scan was reported in 23% (336/1,442) ( Table 1) . 
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Among the patients with an identifiable acute cause for flank pain, 90% (646/717) had a urological diagnosis, with a ureteric stone being the most common finding (82%, 589/ 717). A general surgical cause was identified in 7.4% of cases (53/717), a respiratory cause in 1.8% (13/717), a gynaecological cause in 0.4% (3/717), a vascular cause in 0.1% (1/717) and an orthopaedic cause in 0.1% (1/717) ( Table 2) . Table 3 shows the CT findings grouped by age and sex. An acute cause for flank pain was found in 70% of male (508/728) and 40% of female patients (208/525). Within age groups, the acute diagnosis rate was 46% (102/222) in patients aged <30 years, 56% (268/483) in those aged 30-49 years and 63% (346/547) in those aged ≥50 years. When the study cohort was stratified by sex and age groups, male patients aged ≥50 years had the highest rate of an acute diagnosis (75%, 262/350) and the lowest negative CT rate (9%, 32/350).
Of the patients with a negative CT result, 60% (191/320) were female. Within age groups, the negative CT rate was 40% (89/222) in patients aged <30 years, 31% (150/483) in patients aged 30-49 years and 14% (81/547) in patients aged ≥50 years. Female patients aged <30 years had the highest rate of a normal scan (46%, 52/112).
A urinary tract stone was found in 53% of the total cohort (762/1,442). Three-quarters (77%, 589/762) were ureteric and 173 (23%) were renal calculi.
The overall positive rate for an ipsilateral calculus was 41% (589/1,442). Three-quarters of these (76%, 448/589) were male, over half (57%, 337/589) were left-sided and three-quarters (76%, 450/589) were admitted to hospital with a mean length of stay of 2.8 days.
The mean age for this cohort was 49 years (interquartile range [IQR] : 38-60 years). The median stone size was 5mm (IQR: 3-7mm) with the most common site being the vesicoureteric junction (41%, 242/589). The overall emergency intervention rate for patients with an acute ureteric stone Patients who did not receive an emergency intervention received either medical expulsion therapy (n=429, 73%) or were listed for an elective procedure (n=56, 10%). Of the patients who received medical expulsion therapy, 60% (259/429) passed their stone spontaneously. Of the patients who had planned elective URS (n=52), spontaneous stone passage was reported in 7.7% (4/52), negative URS in 13.5% (7/52), failed ureteric access in 9.6% (5/52) and successful URS in 61.5% (32/52). One individual was stented owing to pyonephrosis (1.9%). Full details on the initial management and treatment outcomes of patients with an acute ureteric stone are given in Table 4 . Table 5 illustrates the differences in the baseline patient and CT characteristics for patients with a ureteric stone. The emergency intervention group was older (mean age: 54 vs 48 years, p<0.05), had higher CRP (mean CRP: 104mg/l vs 14mg/l, p<0.0001) and lower eGFR (mean eGFR: 55ml/min vs 71ml/min, p<0.0001), and were more likely to have larger stones (mean stone size: 9.1mm vs 4.8mm, p<0.0001) located in the upper ureter/pelviureteric junction (67% vs 23%, p<0.0001) compared with those who received no intervention. There was no difference in the mean WCC (11.5 x 10 9 /l and 11.2 x 10 9 /l for the intervention and no intervention groups respectively, p=0.67) or the side of the stone (p=0.09). In the intervention group, significantly more male patients were treated than female patients (64% vs 36%, p=0.02) and there was a trend towards left-sided stones requiring emergency intervention (64% vs 34%).
Univariate and multivariate logistic regression analysis comparing patient and CT characteristics between both groups is summarised in 
Discussion
The data from our study can aid clinicians in decision making and explaining management options to patients with acute flank pain. An acute cause for the pain was found in only 70% of male and 40% of female patients. Of the 646 cases with an identifiable acute cause for flank pain, 90% had a urological diagnosis, with a ureteric stone being the most common finding and 18% progressing to require emergency intervention. The diagnostic yield of CT KUB was lowest in the young female patient group (ie those at the highest lifelong cancer risk from exposure to ionising radiation). 5, 6 Interest in ultrasonography to investigate flank pain has also made a recent resurgence and this may be especially relevant to reduce radiation dose in patients at low risk of forming stones. 16, 17 The radiographic evaluation of acute flank pain and the diagnostic yield of CT has been reported by numerous authors. A large retrospective cohort of 254,211 US patients from 444 hospitals (which represented 15-20% of all US emergency department visits) underwent CT. 18 The 
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majority (91%) followed a non-contrast renal stone protocol. Overall, 19% of patients were admitted but a two-fold variability in the admission rates between hospitals suggested that hospital level factors may have influenced patient management. Intervention took place in 9.8% of cases; insured and older patients were more likely to be admitted, and once admitted, the insured patients were more likely to undergo intervention. A retrospective multicentre UK study (MIMIC) has also addressed the role of raised inflammatory markers in spontaneous stone passage following CT diagnosis. 19 Formal publication is awaited but preliminary data have been presented on 4,181 patients from 71 hospitals. Of these, 1,041 patients (24.9%) underwent immediate intervention but 611 (14.6%) were lost to follow-up or had no confirmed outcome. Of the remaining 2,516 patients available for analysis, 74.0% achieved spontaneous stone passage. As with previous studies, 20 the strongest predictors for spontaneous passage were stone size and location. WCC alone was not shown to influence outcome. A UK series of 1,357 cases with CT performed for suspected renal colic revealed a positive rate for urolithiasis of 47.5%, with the rate of other significant findings being 10%. 9 Again, female patients had a significantly lower positive rate than male patients (26.8% vs 61.6%, p<0.001).
Intervention was required in 37%, which tended to be those patients with larger stones. Hydronephrosis was present in 83% of young female patients with a ureteric calculus of >4mm. Only three of these individuals required URS for stone removal. In a small Canadian retrospective series of 195 patients who presented with a ureteric calculus, 41% underwent intervention based on CT evidence of ureteric obstruction. 21 Stone size, a more proximal location and severe pain were associated with intervention but the degree of obstruction (a highly subjective measurement) did not influence management. Interestingly, none of the variables studied were predictive of readmission within 30 days. In the US, data from a series of 686 patients (343 with distal and 343 with proximal ureteric stones) were reported. 22 Logistic regression analysis again demonstrated that patients with proximal stones, larger stones and higher pain intensity were more likely to choose URS than medical expulsive therapy.
Conclusions
If an individual presents with acute flank pain suggestive of renal colic, there is only a 41% chance of detecting a ureteric stone, with significant differences depending on age and sex. There is also a 23% chance of normal CT results.
Young female patients presenting with suspected urolithiasis pose a particular diagnostic problem. Furthermore, the significant percentage of negative examinations in female patients implies potential for improvement in the current criteria for use of CT KUB (or alternative imaging modalities) in subgroups of patients with flank pain. The intervention rate of 18% for an acute ureteric stone can form an important part of the management discussion with emergency patients before exposure to ionising radiation. These data can aid clinicians in decision making and explaining management options to individuals with acute flank pain. The data can also be used to help those patients who have been labelled as having ureteric colic without radiological evidence of a calculus understand the wide range of differential diagnoses.
